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ABSTRACT
Nutritive Values of Russian Wildrye, Crested
Wheatgrass, and Intermediate Wheatgrass
Grazed by Cattle on Utah Foothill Ranges
by
George W. Mitchell, Master of Science
Utah State University, 1969
Ma j or Professor: Dr. Jack F. Hooper
Department: Range Science
A comparative index to digestible nutrients was established for
Russian wildrye, crested wheatgrass, and intermediate wheatgrass
seeded on foothill areas of Utah .

The nutritive values of these

grasses were compared qy the lignin ratio method, the chlorophyllan
ratio method , and the in vivo rumen bag process.
Average digestion coefficients computed by the lignin ratio
method for dry matter, ether extract, cellulose, and gross energy
were highest for intermediate wheatgrass.
for Russian wildrye.

Protein was more digestible

Digestible energy was adequate in all species to

meet requirements for late lactation.
Results from the chlorophyllan ratio method were excessively high
and were not considered valid.
Dry matter loss of Russian Wildrye was greater than losses from
either of the wheatgrasses .
Losses of dry matter due to 24-hour in

!!!£

rumen fermentation and

rinsing only of nylon bags were closely correlated.

(53 pages)

INTRODUCTION
In the intennountain area range livestock are generally moved from
one range type to another as the seasons progress.

Spring, summer, fall,

and winter ranges of equal carrying capacity are generally required for
a well-balanced livestock operation.

However, a century of heavy

utilization and the development of competing uses (such as recreation)
have reduced the availability of forage to the point that spring and
fall ranges are now considered a limited resource for successful
livestock production.
For the past several years Federal agencies and private ranchers
have shown interest in seeding introduced grasses on foothill ranges
in order to increase forage production .

Seedings of crested wheat-

grass (Agropyron cristatum) and intermediate wheatgrass (Agropyron
intermedium) have long been used on these arid intermountain ranges to
proVide improved grazing during the spring, early summer, and fall.
Russian wildrye (Elymus junceus) is now being looked to as a grass
that might increase grazing capacity on foothill ranges qy extending
the grazing season.

Russian wildrye apparently matures later than

crested wheatgrass and remains palatable after it reaches maturity in
early to mid summer (Cook and Harris, 1968).
Nutritive value and palatability vary among species and stages of
growth, and forage species are not all equally valuable during the same
periods of grazing .

Chemical analyses of forage material can be used

to detect s easonal differences in nutritive content, but they do not
adequately measure how well a species will be utilized by the grazing

2

animal.

Therefore, during the spring of 1968, this study was initiated

in central Utah on seeded foothill areas to establish a comparative
index to digestible nutrients for Russian wildrye, crested wheatgrass,
and intermediate wheatgrass.
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REVIEW OF UTERATURE

The most accurate techniques for the determination of forage
digestibility demand an accurate knowledge of the animal's diet and
excreta.

Such information is costly, time consuming, and impractical

for field situations.

As a result, most field studies of digestibility

are by indirect methods such as the ratio methods.
Ratio Methods
Ratio methods involve the use of indicators (inert reference
substances that pass through the gastro-intestinal tract without
alteration).

Both internal (naturally occurring substances) and

external reference substances have been used in estimating apparent
digestibility.

External indicators such as polyethylene (Chandler,

Kesler, and McCarthy, 1964), chromic oxide (Putman, I.oosli, and
Warner, 1958), and radioactive isotopes (Kane, Jacobsen, and Damewood,
1957) have been used with varying degrees of success.

A disadvantage

involved with using external indicators is that the study animals must
be individually administered the indicator.

This usually necessitates

more time and facilities than are normally available under range
conditions.
Several internal indicators have been studied,

Gallup, Hobbs, and

Briggs (1945) found silica ineffective because of the dirt that may
become incorporated in the feed,

Anthony and Reid (1958) concluded

that methoxyl could not be used with confidence to predict apparent
digestibility,

Lignin has generally been accepted as an adequate

4

reference substance (Forbes and Garrigus, 1948; Cook, Stoddart, and
Harris, 1951; and Cook, Stoddart, and Harris, 1952; and Van Soest, 1964).
However, some controvers,y has arisen over the assumption that lignin
is not digested {Forbes and Garrigus, 1948).

Van So est ( 1964) stated

that many of the discrepancies concerning lignin might be attributed
to analysis procedures and to improper processing, such as drying at
temperatures above 50 C which may increase the apparent lignin content.
Both total collection and grab sampling of feces have been used
with ratio techniques.

However, Connor et al. (1963) determined that

apparent digestion coefficients for grab sample fecal collections were
not significantly different from those obtained qy a total collection
of feces.

Digestion coefficients obtained qy the lignin ratio, using

total collection of feces, compared favorably with results from a
conventional digestion stall (Forbes and Garrigus, 1948).
Reid et al. (1950 and 1952) suggested that chromogens, plant
pigments absorbing light at a wavelength of 406 millimicrons, could
be used as an indicator for certain forages.

However, Cook and Harris

(1951) have shown that this method is unsatisfactory for desert range
plants , especially those high in essential oils and ether extract.
Connor et al. (1963) stated that the chromogen method as reported qy
Reid et al. (1950 and 1952) appeared satisfactory for estimating
comparative digestibility of fresh grasses and forbs.

Irwin et al.

(1953), however, indicated that no pigment passes through the intestine
totally unchanged, and thus chromogens were not satisfactory.

Smart,

Matrone, and Smart (1954), who also found Reid's chromogen method
unsatisfactory, improved the t echnique qy the addition of copper chloride
as a stabilizing agent f or certain indigestible pigments (absorbing light

5
at a wavelength of 420 milliJnicrons).

Harr is (1968) concluded that the

chromogen r atio t ee .. oique works well with green, succulent forage, and
the lignin

rati ~ ~c c

· 1ue works best on more mature forage with higher

lignin content .
In Vivo Nylon Bag Technique
The nylon bag technique for estimating digestibility has been
investigated by several authors with varying degrees of success.

Lusk,

BroWning, and Miles (1962) reported a correlation coefficient (r) of

0. 83 between nylon bag dry matter loss and digestible dry matter
determined by conventional methods with dairy cows.

Gallinger and

Kercher (1964) obtained correlation of 0.537 for organic matter and

0.602 for dry matter loss between nylon bag techniques and digestion
stall methods.

Hopson, Johnson, and Dehority (1963) noted a correlation

of 0.54 between cellulose digesti on in sheep and dry matter loss from
dacron bags suspended in the same sheep.

However, Tomlin, Anderson,

and Harris (1967) reported a correlation of 0.995 between conventional
and nylon bag methods using 39 alfalfa hays.

Van Dyne and Weir (1966)

reported that digestibility indices derived from nylon bag trials were
comparable to those obtained by the lignin ratio technique.

Apparently

the variation in results for the nylon bag process is due to a lack of
standardization of techniques.
Fineness of grind of feed, size of sample, dietari regimen , location
of bags within the rumen, washing procedure, and l ength of fermentation
period are factors that can cause variation in rumen bag results.
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Gallinger and Kercher (1964) found that fineness of grind did not
significantly effect dry matter loss,

However, Tomlin, Anderson, and

Harris (1967) found a J ,4 per cent reduction in dry matter loss when
using 2 mm. r ather than 1 mm, particles of grass hay.
The effect of sample size is a critical factor,

Tomlin, Anderson,

and Harris ( 1967) reported a decrease in dry matter disappearance of

52,7 per cent to )6,0 per cent with increasing sample size of 0.4 to
1,4 gms,

Van Dyne (1962) showed a decrease in dry matter loss of

66 per cent to 25 per cent for samples varying from two to ten grams.
The dietary regimen should be the same as the feed being tested.
Addition of energy supplying substances negatively affected digestion
coefficients (Gallinger and Kercher, 1964).

However, addition of

protein to the animal's diet increases disappearance of dry matter
from bags

(E~~n

and Elliston, 1959; Hopson, Johnson , and Dehority,

196J),

Bags placed near the bottom of the rumen were digested three to
five per cent more than samples suspended 18 em. higher (Tomlin,
Anderson, and Harris , 1967 ).

Erwin and Elliston (1959), however ,

found that position in the rumen did not greatly influence digestibility.
Various authors have suggested either rinsing of nylon bags in
water or soaking in alcohol with one water rinsing as methods of
removing forage particles from nylon bags after rumen fermentation,
Van Dyne (1962) compared washing techniques and found ten per cent
less dry matter and J , 8 per cent less cellulose apparently digested
when washed by several water rinsings r ath er than soaking in alcohol
with one water rinsing.

Tomlin, Anderson, and Harris (1967) rinsed in

cold water and squeezed out repeatedly until the effluent was nearly
clear.

7
Dry matter disappearance generally increases With increasing
fermentation periods up to 48 to 72 hours (Tomlin, Anderson, and
Harris, 1967; Van Dyne, 1962; Gallinger and Kercher, 1964; Van Keuren
and Heinemann, 1962; Hopson et al., 1963).

According to Valenzuela

(1967), a 24-hour fermentation period results in dry matter disappearance
coefficients from crested wheatgrass, intermediate wheatgrass, and
Russian wildrye that are more comparable to coefficients from the
lignin ratio technique than were coefficients for 12- and 48-hour
rumen bag fermentation periods.

8

DESCRIPTION OF EXPERIMENTAL AREA

The Benmore Experimental Range is located in an area of springfall range at the south end of Rush
Utah.

Vall~,

near Vernon, Tooele County,

The elevation is approximately 5, 700 feet, and average annual

precipitation is 12.8 inches.

The area is generally level though

broken by shallow, intermittent draws.

Soils are primarily loams

derived from ancient Lake Bonneville sediments With an overburden of
small rocks and gravel.

The study was conducted on an area of the

Benmore Experimental Range which during the period of 1951 to 1961
was divided into pastures and seeded with four species of wheatgrasses
and Rus sian wildrye.

9

PROCEDURE

In this study, the nutritive values of crested wheatgrass, inter-

mediate wheatgrass, and Russian wildrye were compared by three methods:
(1) lignin ratio technique, as described by Cook, stoddart, and Harris
(1951); (2) the chlorophyllian technique of Smart, Matrone, and Smart
(1954); and (J) the in vivo rumen nylon bag process (Tomlin, Anderson,
and Harris, 1967).

Apparent digestion coefficients were computed for

each method and analysis of variance techniques used to test for
significant main effects and interactions of the three variables
(species, collectors, and collection periods).
Lignin Ratio Method
The study was conducted on six pastures, two pastures for each of
three species of grass.

The pastures were approximately 16 acres in

size and contained relatively pure stands of the individual species.
The small size of the pastures necessitated alternating pastures at
the end of each collection period to maintain grazing at a light
intensity.

This procedure allowed grazing selectivity and reduced

confounding of digestibility by degree of utilization.

As a result,

all pastures were utilized at less than 20 per cent during all five
collection periods .
Sampling periods were timed to correspond with five specific
growth stages (growing, pre-bloom , bloom, dough, and mature).

Since

Russian wildrye matured at a slightly faster rate than the wheatgrasses,
it was used as a key for beginning a particular collection period.
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Collection of forage and fecal material began May 18, 1968, when Russian
wildrye and crested wheatgrass were in the fourth to fifth leaf stage,
The first t>OO periods (growing and pre-bloom) were sampled on three
two-day weekends , but all other periods were sampled six consecutive
days.

A six- to seven-day preliminary grazing period preceded each

collection period,
Six y&arling Hereford-Angus and three Hereforo-Galloway cross
steers were selected on the basis of uniform size and age,

The nine

steers were randomly placed in groups of three, one group for each
grass species.

All steers were tagged in order to maintain weight

gain records.

At the end of each collection period, the steers were

weighed and re-randomized.

Randomization into groups was restricted

by having no animal graze the same grass species for t>OO consecutive

collection periods.

•

The cattle were weighed at approximately the same

time of day at the end o:f each six-day collection, but no attempt
was made to allow an overnight shrink before weighin,
Forage samples were taken in the afternoon,
collected the :following morning.

Fecal samples were

This procedure was continued

throughout the six-day collection period.

Samples were taken by

observing each of the three animals in a pasture and hand plucking
forage comparable to material, actually being consumed.
simultaneously collected :forage within a pasture.

Two persons

These samples were

not composited in order to determine if there were significant differences
in :forage collected by the t>OO persons.
Fecal samples were collected by grab-sampling as the steers were
leaving the bed ground.

Samples were taken :from all three animals and

composited before :freezing,

No e:f:fort was made to have two fecal

11
collectors since i t was felt that there would be no difference in
samples taken.

Care was taken to insure that samples were not

contaminated by dirt or forage.
At the end of each period both fecal and forage samples t o be
used for chemical analysis were dried at le ss than 45 C.
ground in a Wi ley mill to pass through a 1 rnm. screen.

They were
The ground

samples were composit ed over six days and analyz ed for total protein
(nitrogen x 6 . 25) , ether extract, lignin, cellulose, ash, other
carbohydrates (by difference) , and gross energy.
were also anal;yzed for phosphorus.

The plant samples

Lignin was dete:nnined by the method

suggested by Van Soest (1964).
Chlorophyllan Ratio Met hod
During forage and fecal collections l ar ge samples were taken so
that a portion of the sample could be used for p igment analysis.

The

samples for pigment analysis were placed in plasti c bags and frozen by
dry ice in the field before deterioration could take place.

Pigments

were analyzed according to the method presented by Smart , Matrone,
and Smart (1 954).

The laboratory technique and procedure used was

that suggested by Bolin ( 1962 ).

Apparent digestion coefficients were

computed by using chromogen (absorbing light at 420 millimicrons) as
an internal indicator.

In Vivo Rumen Bag Method

!a!!!£

rumen bag digestion trials were carried on with facilities

at Utah State University, Logan, Utah.

The technique used was that

developed by Tomlin, Ander son, and Harris (1967 ).

The bags were cut

12
12 em. long.

One gram forage samples, composited over six days and

ground to pass a 1 mm. screen, were used.

Maximum variation in sample s

was held to less than 2.0 mg.
Upon removal from the sheep, the bags were repeatedly rinsed in
cold tap water (approximately

50 F) until the effluent was clear.

Other bags not placed in the sheep were washed by the same method and
for the same length of time to test for disappearance of dry matter by
washing only.

'lbe bags were then dried at 110 C and weighed with the

difference between the gross and recovered weights taken as the apparent
loss of dry matter.
The dietary regimen of the ten sheep consisted of chopped crestedintennediate wheatgrass hay fed at a rate equal to three per cent of
the sheep's body weight per day.

The sheep were placed on this diet

three weeks prior to the start of the rumen bag trial.

1)

RESULTS AND DISCUSSION
Chemical Composi tion
Th ere was no difference in the chemical composition of forage
collected by two individuals from relatively pure and open stands of
the three seeded gr asses (Table 2).

This fact increases confidence

in the hand plucking technique as an accurate method of estimating
an animal's di et.
Hand-plucked forage
Ether extract .

Per cent of ether extract in hand-plucked forage

was not greatly affected by forage maturity (Table 1).

Intermediate

wheatgrass appeared to be slightly higher in ether extract (crude
fat) than Russian wildrye or crested "Wheatgrass, except during the
growing stage when crested wheatgrass was highest.
Total protein,

Total or crude protein for all species showed

a significant (P < 0, 01) decrease with advancing maturity (Tables
and 2).

The l ar gest decrease in per cent total protein occurred

between the growing and bloom stages.

Only minor decreases occurred

after July 1, 1968 (dough and mature stages ).
Total protein was significantly (P < 0.01 ) higher in Russian
wildrye during all collection periods than in either of the wheatgrasses (Tables 1 and 2),

Crested wheatgrass had a larger per cent

total protein during the early spring (growing stage) than did intermediate wheatgrass.

However, more r apid drying and increasing

coarseness in crested wheatgrass was possibly responsible for .a
decrAase i n total n rotei n aft er t h<' ' 'l 'O''in N

~t ~

·e .

Table 1.

Chemical composition of material representing feed intake by cattle of three grass species
during late spring and summer (dry weight basis).

Species and stage
of growth

Ether
extract

%

Total
protein

Ash

Lignin

Cellulose

other carbohydrates

%

%

%

%

%

3.8
4.5

30.08
38.59
37. 97
39.67
40.46

38.48
33. 79

Crested wheatgrass
Growing
Pre-bloom
Bloem
Dough
Mature
Average

3.26
3.31
3.14
2.98
3.78
3.29

15. 19
11 .31
9.13
6. 31
5.94
9. 58

9. 2
8.5
7. 6
6. 9
6.3
7.7

Intennediate
wheatgrass
Growing
Pre-bloom
Bloom
Dough
Mature
Average

3.09
3.44
4.06
) . 84
4.23
3.73

13. 60
11 . 93
10.50
6.88
6.56
9.89

10.5
9. 1
8.1
8. 2

Russian wildrye
Growing
Pre-bloom
Bloom
Dough
Mature
Average

2.06
3. 21
2.92
3. 58
4.76
.3.31

16.38
1).81
12.13
8, 56
7.31
11.64

9. 0
14.5
13.1
15.6
16. 0
13.6

7.5

8.7

5.6

7.4

5.6

5.4

3. 5

4. 4
4.5
4.5
4. 9
4.4
3.7
4.9

5.5
5.9
5.8
5.1

37.35
31 . 15

35. 03

42.15
44.02
43.85
39.24
30.21
29 .07
35.71
37.98
42.13

35.02

)6.56

)6.74
37.92
36.70

.38. 16
)6 . 19
30 . 69

32.56

32.96
.34.12

)8.65
.34. 51
30.73
28.38
24.00
31.25

Phosphorus

%

Gross
energy
Kcal/lb

0 • .30
0,22
0.24
0,12
0.20
0. 22

2029
2020
2048
2043
1957
2019

0, 30
0. 24
0. 22
0.18
0. 18
0. 22

1961
2020
2056
2056
2015
2022

0.26
0.22
0, 22
0,18
0. 16
0.20

2011
1896
1934
1884
1857
1916

"""

Table 2 .

Analysis of v a riance of per cmt lignin, total protein, and cellulose in hand plucked forage .

Source of variation

df

lignin

Mean sguares
total protein

c ellulose

Period (P)

4

4 .)9**

1. 98**

1)5.05**

Species ( S)

2

2. 82**

O. JO**

42. 8)**

o.o

0 . 02

) . 27

Collectors (C)
p

S

8

0. 67•

0 .02

1).12**

p XC

4

0. 21

0.02

0. 59

S X C

2

0. 11

0.01

0.75

p X S X C (error)

8

0.07

0 . 01

1.1 1

X

••

•

Significant at the 0.01 level
Significant at the 0.05 level

16
The study areas and techniques used by Cook ( 1966) and Valenzuela

(1967) were the same as those used for this 1968 study.

Both authors

observed trends in total protein for crested and intemediate wheatgrass that were similar to those in 1968 .

However, samples of Russian

wildrye collected by Valenzuela were consistently higher in total
protein during all growth stages than 1968 samples.

Russian wildrye

averag ed 14.42 per cent total protein in 1967 as compared to an average
of I 1. 64 per cent total protein in 1968.
This va riation in per cent total protein i n Russian wildrye between

1967 and 1968 was probably due to the earlier maturing of the plants
in 1968,

A shortage of rainfall in the early spring (May) of 1968

prompted the early drying and maturing of Russian wildrye (Table J),
Contrary to preVious observations (Cook, 1966, and Cook and Harris,

1968), Russian wildrye matured and dried earlier in 1968 than either
crested or intemediate wheatgrass (Table 14).
Ash.

Percentage of ash in both wheatgrasses appeared to decrease

with increasing maturity (Table 1 ).
wildrye increased with maturity.

Percentage of ash in Russian

Average ash content for Russian

wildrye was 1J.6 per cent as compared to 7.7 per cent for crested
wheatgrass and 8,7 per cent for intermediate wheatgrass.
Lignin.

Lignin in the forage showed a significant (P < 0,01) increase

as the grasses matured (Tables 1 and 2).

However, a decrease in lignin

content was observed for crested wheatgrass during the last collection
period (mature stage).

This decrease was probably due to grazing of

succulent regrowth from preViously grazed plants.
Only minor differences existed in lignin content between the three
species during the growing and pre-bloom periods, whereas, significant

17
Table J,

Precipitation by month at Benmore, Utah, for 1967 and 1968,

Month

1967

1968

January

1.55

0,)9

Februa ry

0. 19

1.4J

March

1. 22

1.45

April

1.06

2.05

May

2. 42

0.92

June

1. 70

1.)4

July

1, 12

1,JO

August

0. 49

1.94

September

1,02

0. 10

October

0.65

2.)5

November

1.05

December

1, 28

Total

13.75

differences (P < 0.01) were observed after the end of the pre-bloom
period (Tables 1 and 2),

Average per cent lignin in collected forage

was higher for crested wheatgrass and Russian wildrye than for intermediate wheatgrass.
Statistical analysis of per cent lignin in collected forage
indicated that a significant (P < 0.01) period by species interaction
occurred (Table 2).

A larger increase in lignin was noted during the

dough stage for crested wheatgrass than for intermediate wheatgrass or
Russian wildrye,

Crested wheatgrass decreased in lignin during the

18
last period due to regrowth,

However, lignin in Russian wildrye was

about the same during the last two periods,

Lignin in intermediate

omeatgrass increased during the mature stage,
This interaction is of little practical significance since the
main effect of species (mean square of 2.82) accounts for more than
four times the variance of the mean than does the period by species
interaction (mean square of 0.6?).

furthermore, period main effect

accounts for nearly seven times the variance of the mean as does the
interaction.
Cellulose.

Significant (P < 0,01) differences in per cent cellulose

existed between species and collection periods (Tables 1 and 2) .
Cellulose increased in all species with advancing maturity,

Average

per cent cellulose was highest in intermediate wheatgrass followed by
crested wheatgrass and Russian wildrye, respectively.
A significant interaction (P <0 ,01) between period and spe cies
was observed for per cent cellulose (Tables 1 and 2).

Crested and

intermediate wheatgrass had large increases in per cent cellulose from
the growing to pre-bloom stage, but Russian wildrye decreased slightly
during this time.

Crested wheatgrass was higher in cellulose than

Russian wildrye until July 15 (mature stage).
Phosphorus ,

Phosphorus was adequate for gestation and lactation

in all forage samples collected before July 1 (growing, pre-bloom, and
bloom growth stages),

Only two samples from later collection periods

were not adequate in phosphorus to meet requirements for gestation
(Tables 1 and

4),

The dough stage sample of crested wheatgrass and the

mature samples of Russian wildrye were inadequate in phosphorus with
0. 12 per cent and 0 , 16 per cent , respectively,

These results are in
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agreement With those from previous studies (Cook, stoddart, and Harris,
1956, and Cook and Harris, 1968 ).

Recommended nutrient requirements for cattle and sheep under
range conditions during gestation and lactation on a drymatter basis. 1

Table 4.

============================

Percentage of ration or amount/pound of feed

DEJ

Phase of production

Kcal/lb

Gestation

p

.,.

4.4

8.30

0.17

First 8 weeks

5.4

1120

0.22

Last 12 weeks

4.5

880

0 . 20

Lactation

1
Taken from Cook and Harris ( 1968).

~p represents digestible protein.
JUE

represents digestible energy.

Nutrient Digestibility
Lignin ratio method
Seasonal trends in per cent digestibility for ether extract, total
protein, cellulose, and other carbohydrates were negligible (Table

5).

Similar results were noted by Cook and Harris ( 1952) and Valenzuela
(196?).

Average digestion coefficients of dry matter, ether extract,

cellulose, and gross energy were higher for intermediate wheatgrass .
Protein was more digestible for Russian Wildrye .
Drz matter.

Dry matter digestion coefficients were apparently

higher f or intermediate wheatgrass than for crested wheatgrass or

Table 5.

Apparent digestibility of nutrients as determined by the lignin ratio techniques for each
of the species under study.

Species and stage
of growth

Dry
matter
~

Ether
extract
~

Total
protein
~

Digestion coefficients
Other car- Gross
Cellulose bohydrate energy
~
~
~

Digestible
protein
~

Digestible
energy
Kcal/lb

Crested wheatgrass
Growing
Pre-bloom
Bloom
Dough
Mature
Average

57. 78
55.00
59.12
48.97
63. 64
56.90

32.52
35.26
22.39
20 . 57
40.90
30.33

58 . 13
54.26
56 . 36
39 .52
51 . 58
51 . 91

69.70
72.04
66.11
57.91
71.56
67.46

72.07
64.57
77.50
67 . 75
81 . 04
72.59

62.49
58.70
60 .05
49.80
63 . 03
58.81

8. 83
6.14
5. 15
2.49
3.06
5. 13

1268
1186
1230
1017
1233
1187

Intermediate
wheatgrass
Growing
Pre-bloom
Bloom
Dough
Mature
Average

66 .00
58.10
61.11
68 . 88
65.36
63.89

59 . 61
23.46
39.62
71 .31
48 .02
48 .41

62 .08
54.03
62. 71
60 . 20
54.97
57 .46

78.90
66. 76
74.93
80.00
77.15
75.55

77.64
75.33
69.31
72.52
73.44
73.65

68.38
58.64
62.33
69.68
65.29
64.70

8.44
6.45
6.58
4.14
3.61
5.66

1342
1185
1282
1433
1316
1308

Russian wildrye
Growing
Pre-bloom
Bloom
Dough
Mature
Average

62.13
55.05
48. 12
55. 93
64. 06
57.66

4.0
17. 74
11 . 92
19.87
55.89
21.88

63.46
63.59
59 . 62
58 . 80
56. 56
60. 41

70.09
65. 61
57.62
67.42
75.97
67.)4

80.02
68.38
52. 81
69.24
83.33
70 . 76

65.24
56.45
46.51
56.64
63 . 31
57.63

10 • .39
8.78
7. 23
5.03
4.13
7.11

1312
1070
900
1067
1176
1104
N
0
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Russian wildrye (Table 5).

There was a general trend of decreasing dry

matter digestibility with advancing maturity.

However, digestion

coefficients for the last two grazing periods showed an increase in
dry matter digestibility for all three species.

Grazing of mature

cheatgrass (~ tectorum) and lepidium (Lepidium perfoliatum) by
all nine steers was probably responsible for this apparent increase
in digestibility.
The addition of cheatgrass and lepidium to the diet caused a higher
lignin content per unit wei ght of feces than would have been expected
had the entire diet been crested wheatgr ass , intermediate wheatgrass,
or Russian wildrye .

Since cheatgrass and lepidium were not collected

in the forage sample, the additional lignin in the feces resulted in
high digestion coefficients, computed according to the following
formulas
apparent per cent= 100 _ ( 100 Lignin in feed
Nutrient in f eces)
digestibility
Lignin in feces x Nutrient in feed
In no collection period was the combined intake of lepidium and

cheatgr ass estimated to compose more than 10 to 20 per cent of the
steers' diets.
Protein.

Digestible protein was computed from digestion coeffici ents

estimated by the lignin ratio technique (Table 5).

Digestible protein

was higher in Russian wildrye during all stages of growth than in
either crested or intermediate wheatgrass.

Per cent digestible protein

showed little difference between the wheatgrasses until mid-June (start
of bloom stage) when crested wheatgrass decreased in protein.

Crested

wheatgrass matured and dried slightly earlier than intermediate wheatgr ass and apparently per cent digestible protein decreased with
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approaching maturity.

Similar results were observed by Cook (1966)

and Valenzuela (1 967) .
Digestible protein was sufficiently high in all species until
after Ju y 1 (end of bloom stage) to meet the recommended nutrient
requi rements for cattle and sheep durin g gestation and lactation
(Table 4).

However, after the bloom stage, Russian wildrye dropped

belo w t he requirements for lactation, and crested and intermediate
wheatgrass dropped below requirements for gestation.

Russian wildrye

remai ned adequate to meet gestation requirements until mid-July (end
of dough stage).
In 1967, Valenzuela repor ted that Russian wildrye remained adequate

in digestible protein to meet the requirements for lactation until
l ate July (mature stage).

Valenzuela also found that the wbeatgrasses

were not sufficiently hi gh in digest ible protein to meet gestation
requi rements after the bloom stage .

This agrees with results of 1968.

Spring rainfall was higher in 1967 than in 1968 (Table J).

Russian

wildrye apparently responded to the higher 1967 rainfall and consequently
remained high in protein longer than it did in 1968.

The wheatgrasses

were not as greatly affected by the difference in precipitation between
years.
Several authors have reported that apparent digestibility of
protein i ncreases as the concentration of protein i n the ration
increases and have devised equations relating these variables (Forbes,
1950; Holter and Reid, 1959; and Knight and Harris, 1966).

Knight and

Harris developed the following formula which is specific for cattle-fed
pasture and range plantss

Y = 0.85X- 2. 11, where Y =apparent digestibility

of protein (per cent) and X = crude protein in forage.

2)

This predi ction equation was applied to this study's crude protein
data and per cent digestible protein estimated.

Results from the

prediction equation were then compared to per cent digestible protein
in hand plucked forage estimated by the lignin ratio technique (Table 6).
The prediction equation accounts for 94. 21 per cent (coefficient of
determination, r 2 ) of the variation in the digestible protein as
estimated by the lignin ratio method.

This high degree of correlation

between the two estimates of digestible protein provides considerable
confidence in this lignin ratio method as an adequate measure of
nutrient digestibility.
Energy.

Digestible energy was also computed from coefficients

estimated by the lignin ratio technique.

Digestible energy in all

species was found to be adequate for the requirements of gestation
and the last 12 weeks of lactation (Tables 4 and 5).

In Russian

Wildrye, the digestible energy was lower during the pre-bloom, bloom,
and dough stages (May 25 to July 1) than the energy requirement for
the first eight weeks of lactation .
Chlorophyllan ratio method
Apparent digestion coefficients from the chlorophyllan ratio
method were unacceptably high .
were not considered valid.

Therefore, results from this technique

Several factors could have been responsible

f or the failure of this technique.

Probably the most important factor

was that the steers had access to mature cheatgrass and lepidium.

Both

cheatgrass and lepidium were mostly mature and dried by the middle of
the first collection period .

Grazing of this dry forage caused a

lower chlorophyllan content per unit weight of feces than would have
been expected if the entire diet had been crested wbeatgrass, intermediate
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Table 6.

Comparison of per cent digestible prot ein for crested
wheatgrass, intermediate wheatgras s, and Russian wildrye
estimated from a prediction equation and t he lignin r atio
technique.
Digestible Protein
Knight and Harrisi
1968 10

Speci es and growth stag e

&

Crest ed wheat gr ass
Growing
Pre-bl oom
Bloom
Dough
Mature
Intermediat e wheatgrass
Growing
Pre-bloom
Bloom
Dough
Mature
Russian wildrye
Growing
Pre- bloom
Bloom
Dough
Mat ure

f.

10. 80
7. 50
5. 65
J . 25
2.94

8.8J
6. 14
5. 15
2.49
J.06

9.45
8 .0J
6.82
J. 74
J .47

8.44
6.45
6.58
4.14
J.6 1

11.81
9. 6)
10.J1
5. 17
4. 10

10. J9
8. 78
7.2)
S.OJ
4.1J

1Estimated from the prediction equation of Knight and Harris (1966)
and author's crude p rotein data.
2Estimated by author from lignin ratio technique

wheat grass , or Russian wildrye.

This low chlorophyllan content in the

feces resulted in unusually high apparent digestion coefficients.
Errors in the laboratory technique could also have been partly
responsible for the failure.

The technique (Bolin, 1962) called for

extract ion of chlorophyllan pigments from 0.5 gram forage samples and

o. 2 gram fecal samples. Such small sample sizes do not permit proper
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mixing to allow for uniform sample replication.

Consequently, large

variations in chlorophyllan units per gram were observed between
replications of both forage and fecal samples.
Nyl on bag method
Nyl on bags containing 1.0 gram forage samples were suspended in
the rumens of sheep for 24 hours.

Upon removal from the sheep the

bags were rinsed, dried, and weighed.

The difference between the grass

and recovered weights was taken as apparent dry matter loss.
bags not placed in

~he

other

sheep were washed by the same method to test

for disappearance of dry matter due to rinsing only.

The dry matter

loss coefficients due to rinsed only bags were subtracted from the
in !iYQ rumen bag coefficients to obtain coefficients indicating the
effects of rumen fennentation only.
Dry matter loss from in

~

and rinsed only bags appeared to be

closely related to the chemical composition of the forage samples
(Tables 1, 7, and 9).

Forage samples high in total protein and low

in lignin generally had a high per cent dry matter loss from the nylon
bags.

Also, a high per cent of cellulose and lignin in the forage

sample was associated with a decrease in dry matter loss.
In vivo bags.

Dry matter loss due to 24-hour fermentation periods

in sheep differed significantly (P < 0.01) between collection periods
and species (Tables 7 and 8; Figure 1).

Dry

matter disappearance

•averaged for species" was highest for the first collection period and
decreased as the forage became more mature in succeeding collection
periods .

The largest decreases occurred in the growing and pre-bloom

collection periods with only minor reductions in dry matter loss between
the last three periods.

Table 7.

Average per cent dry matter disappearance for growth stages and species from in Y!!Q_
rumen bags.

Species

Growing

Growth stal!ies
Pre-bloom
moom

Dough

Mature

Average

Crested wheatgrass

77.42

68.02

59.)7

59.2)

60.41

64. 89

Intermediate wheatgrass

78.00

68.1:3

61.70

57.70

59 . 0)

64.91

Russian wildrye

79 . 14

7).69

66.6)

66.64

62. 61

69 . 74

Average

78.19

69.94

62.56

61.19

60.68
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Table 8.

Analysis of variance of per cent dry matter disappearance
from in ~ rumen bags (rumen fermentation plus rinsing).

Source of variation

df

Mean squares

2

181.61

Periods (P)

4

1016.80

49.68*

Species (S)

2

244.36

11. 94*

Replications

Collectors (C)

10.47

p

X

S

8

15. 60

p

X

c

4

4.71

S

X

c

2

9. 90

p

X

S

8

19.13

Residual (error)

58

20 .46

Total

89

X

F

c

*Significant at the 0.01 level.

Loss of Russian wildrye from in

~bags

was greater for all

collection periods than dry matter loss from either crested or intermediate wheatgrasses.
dry matter loss.

The wheatgrasses had only minor differences in

The largest differences among species resulted during

the bloom and dough stages.

Both intermediate and crested wheatgrasses

showed slight increases in apparent digestibility from the dough to
mature stages.

However, coefficients for Russian wildrye continually

decreased over all periods.

These results are closely correlated with

those of Valenzuela (1967) who used the same 24-hour in Vivo rumen bag
process.

Table 9.

Average per cent dry matter disappearance for growth stages and species from nylon bags
due to rinsing only.

Species

Growing

Growth stases
Pre-bloom
Bloom

Dough

Mature

Average

Crested wheatgrass

47.23

37.62

35.20

35. 26

36.57

38.38

Intermediate wheatgrass

44.68

36. 10

30.99

32.44

32.64

35.37

Russian wildrye

47.23

42. 86

39.01

40.64

41.87

42.32

Average

46.38

38.86

35.07

36.1 1

37.03
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70

in vivo rumen bags

r i nsing only

JO
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Growing

Pre-bloom

moom

Dough

Mature

Growth stages
Figure 1.

Average dry matter disappearance due to rinsing only, rumen
fermentation only, and combined effects of rinsing and
rumen fermentation (~vivo rumen bags) .

JO
Rinsed only bags.

The percentage of dry matter loss due to rinsing

only differed significantly (P < 0.01) among collection periods and
species (Tables 9 and 10; Figure 1).

Dry matter loss for all species

decreased until the dough and mature stages, where dry matter loss
increased.

Dry matter disappearance for all periods was higher for

Russian wildrye.

Coefficients for crested wheatgrass were higher in

all periods than intermediate wheatgrass.

Table 10.

Analysis of variance of per cent dry matter disappearance
from nylon bags due to r insing only.

Source of variation

df

Mean squares

F

4.67

Replication
Periods (P)

4

124.22

182.68•

Species (S)

2

125.77

185.00*

P

S

8

)5.)2

6.76•

Residual (error)

14

0. 68

Total

29

X

*Significant at 0.01 level.

A highly significant interaction between periods and species was
found for rinsed bags .

Dry matter loss coefficients for crested

wheatgrass and Russian wildrye were the same during the growing stage,
but coefficients for crested wheatgrass dropped sharply below those
for Russian wildrye during and subsequent to the pre-bloom stage.
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A coefficient of determination of 0.778 was determined between
dry matter loss from 24-hour in !1!£ rumen fermentation and from
rinsing only.

Dry matter disappearance

coeff~cients

due to in vivo

fermentation averaged over species showed a continuous decrease with
increasing forage maturity (Table 7: Figure 1 ).

Similar coefficient

averages due to rinsing only showed an increase in apparent digestibility
in the bloom, dough, and mature periods (Table 9; Figure 1).

However,

a LSD (Least Squares Difference) mean comparison t est indicated no
significant (P o.. 0. 01) difference between average coefficients due to
rinsing only for bloom, dough, and mature periods .
The high degree of correlation between dry matter loss in in vivo
bags and rinsed only bags indi cates that a comparative estimate of dry
matter digestibility between closely related forage species can be made
from r insed only bags .

Since t he in vivo nylon bag technique is at best

a comparative estimate of dry matter digestibi l i ty, the loss in accuracy
due to rinsing only might be compensated for by the time and effort
saved from not suspending the bag in a rumen.
Rumen fermentation only.

Dry matter loss coefficients indicating

the effect of rumen fermentation (in vivo coefficients minus rinsed
only coefficients) differed significantly (P < 0. 01) among collection
periods and species (Tables 11 and 12).
decreased with increasing maturity.

Dry matter disappearance

Coefficients were greater for

intermediate wheatgrass than for Russian wildrye or intermediate
wheatgrass.

Dry matter loss was greater for Russian wildrye than for

crested wheatgrass.
A significant
observed.

L~teraction

between p eriods and collectors was

However, the interaction was not felt to be of great importance

Table 11.

Average per cent dry matter disappearance for growth stages and species from in vi vo
rumen bags due to rumen fermentation after correcting for the ef f ects of rinsing~

Species

Growing

Growth sta11;es
Pre- bloom
ffioom

Dough

Mature

Average

Crested wheatgrass

30 . 19

30 . 40

24. 17

23 . 97

23 . 84

26. 51

Intermediate wheatgrass

33 . 13

32.03

30.71

25.26

26 .39

29 . 54

Russian wildrye

31.98

29 . 48

27. 62

26 . 00

20 . 74

27 .1 6

Average

31. 82

30.64

27. 50

25.08

23 . 65

1
Values derived by subtracting dr y matter disappearance coefficients due to rinsing (Table 13)
from dry matter disapp earance coeff i cients from in vivo bags (Table 12) .

""
N

JJ
Table 12.

Sourc ~

Analysis of variance of per cent dry matter disappearance
from in vivo rumen bags due to rumen fermentation.

of variation

df

Mean squares

F

2

161.?4

Perio ds (P)

4

219.?1

15.01"'

Species (S)

2

?6.)1

5.21•

26.6?

1.82

Replicati on

Collectors (C)

p XS

8

16.?4

1.14

p XC

4

?2.)2

4.94"'

S XC

2

40.6)

2.?8

P

8

1).90

0.95

Residual (error)

58

14.64

Total

89

X

S XC

•Signifi cant at the 0.01 level,

since collector main effects were not significant for results of in vivo
bags, rinsing trials, or losses due to rumen fermentation (Tables 8, 10 ,
and 12) .
Animal Responses
Strict interpretation of weight gain data was not possible since
only three animals were used in each pasture and animal variation was
rather l arge.
(Table 1)).

Howev er, certain trends in weight gain were noticeable
Crested wheatgrass continually produced high weight gains

throughout the season (May 10 to July 22) .

The bloom stage was the

Table 1J.

Average gain pe r head per day for yearling steers gra zing Russian wildrye, crested
}lheatgra ss , and intermediat e wheatgra ss during five stages of growth.
Gain in pounds per day

Species

Growth stases
Bloom

Growing

Pre- bloom

Dough

Mature

Crested wheatgrass

2. 3

1.0

2.0

2.1

2. 1

Intermediate wheatgr ass

1. 8

1.2

3. 2

1. 7

1.J

Russian wildrye

1. 5

1. 2

J.O

0.2

-0 . 1
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period of highest weight gain for intermediate wheatgrass and Russian
wildrye, but after the end of the bloom stage (July 1), reductions
occurred in the rate of weight gain.

Cattle lost weight during the

last period (July 17 to July 22) on Russian wildrye.
The sharp decline in weight gains produced by Russian wildrye and
intermediate Wheatgrass were partly due to nutrient changes in the
diet as the season advanced,

Digestible energy for Russian wildrye

decreased after th e first collection period {growing), and was
consistently lower in digestible energy than either crested {except
for the bloom stage) or intermediate wheatgr ass (Table 5).

However,

nutrient decline does not totally explain the loss in rate of weight
gain since digestible protein was higher during all periods for Russian
wildrye than for either crested or intermediate wheatgrass.

Also,

intermediate wheatgrass was higher in digestible protein than crested
wheatgrass.
Decreased daily intake was probably responsible for the loss in
weight gain for Russian wildrye and intermediate wheatgrass during
the dou gh and mature stages.

Russian wildrye matured earlier than did

either of the wheatgrasses and consequently had an earlier loss in
palatibility (Table 14).

Crested and intermediate Wheatgrass matured

at about the same time, but the yearlings were observed to graze
crested wheatgrass regrowth during the last period,

High intake of

palatable regrowth could explain the continuing high weight gains for
crested

~rheat g rass.

Cook (1966) and Cook and Harris (1968) indicated that Russian
Wildrye and intermediate wheatgrass matured after crested wheatgrass,

)6
They alcv f ound that Russian wildrye and intermediate wheatgrass
produced gr>ater livestock gains than crested wheatgrass,
cont r ary t o bservations of this study,

This is

Table 14 .

Growth stage and utih.zation of pure stands for crested wheatgrass, intennediat,e
wheatgrass, and Russian wildrye during digestion trials with steers.

=======
Collection
period
1 Growing

Date
5/10/68

5/17/68

5/24/68

Species

stage of growth

Part of plant eaten

Crested
wheatgrass

Fifth leaf, green and
succulent

Entire plant to one inch
above ground

Intermediate
wheatgrass

Fourth to fifth l eaf,
green and succulent

Entire plant to one inch
above ground

Russian
wildrye

Fourth to fifth leaf,
early boot, green and
succulent

Leaves and boots equally

Crested
wheatgrass

Fifth leaf, early boot,
green and succulent

Entire plant to one inch
above ground

Intermediate
wheatgrass

Fifth leaf, green and
succulent

Entire plant to one inch
above ground

Russian
wildrye

Fifth leaf, boot, green
and succulent

Half boot and half leaves

Crested
wheatgrass

Sixth leaf, boot, green
and succulent

Entir e plant, preference
for basal leaves

Intennediate
wheatgrass

Fifth leaf, green and
succulent

Entire plant to three to
four inches above ground

Russian
wildrye

Early head, gre€11 and
succulent

Basal leaves to one inch
above ground

Table 14,
Collection
period
2 Pre-bloom

Continued,

Date

5/31/68

6/?/68

J Bloom

6/20/68

Species

stage of growth

Part of plant. eaten

Crested
'Wheat grass

Early pre-bloom , green
but rather coarse

Leaves preferred, immature
hea s

Intennediate
'Wheatgrass

Fifth to sixth leaf,
early boot, green arxi
succulent

Entire plant to three to
four inches above ground

Russian
wildrye

Pre-bloom, leaves green
and succulent

Basal leaves

Crested
wheatgrass

Pre-bloom, green but
coarse and stemmy

Leaves preferred, heads With
half of more tender stems

Intennediate
wheatgrass

Boot , green and
succulent

Leaves to three to four
inches above ground preferred , upper portion of
boots

Russian
wildrye

Early bloom , green

Basal leaves to two inches
above ground

Crested
wheatgrass

Early bloom, green
but coarse and stemmy

Leaves preferred, fine and
tender stems, heads

Intennediate
wheatgrass

Very early bloom, green
but getting coarse

Leaves preferred, few heads
and light stems

Table 14.
Collection
period

Continued.

Date

6/27/68

4 Dough

5 Mature

7/6/68 7/ 12/68

7/17/687/22/68

Species

stage of growth

Part of plant eaten

Russian
wild rye

Late bloom, stems and
tips of leaves turning
brown

Heads and leaves equally

Crested
wheat grass

Hl.oom, gr een , stemmy

Entire plant, leaves
preferred

Intermediate
wheatgrass

Hl.oom, green, more
stemmy

Entire plant, leaves
preferred

Russian
wild rye

Milky, stems and

Heads and leaves equally

Crested
wheatgrass

Soft dough, tips of
leaves drying , stemmy

Entire plant , leaves
preferred

Intermediate
wheatgrass

Soft dough, tips of
leaves and crulms drying

Entire plant to one half to
one third of total height

Russian
wildrye

Hard dough, entire
plant drying

Leaves to two to three
above ground, no heads

Crested
wheatgrass

Mature seeds, leaves
dry, culms green,
course and stemmy,
sane regrowth

Entire plant, leaves
preferred

leaves drying

VJ
'I)

Table 14.
Collection
period

Continued.

Date

Specl.es

stage of growth

Intermediate
wheat grass

Mature seeds, l eaves
and culms drying

Entire plant t o one half to
one third of total height

Ru ss.~an

s~bd shaooer, entire
plano mostly dr~

Leaves to two to three
above ground

wild rye

Part of plant eaten
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SUMMARY AND CONCLUSIONS

During the spring and summer of 1968 , a study was conducted in
central Utah on seeded foothill areas to establish a comparative
5.ndex to digestible nutrients for Russian wildrye, crested wheatgrass,
and intermediate wheatgrass.

The nutritive values of these grasses

1<ere compared by three methods:

(1) the lignin ratio method; (2) the

chlorophyllan r atio method; and {J) the in vivo rumen bag process.
Forage samples of each species were taken by hand plucking of
forage comparable to material actually being consumed by yearling
steer s .

Fecal samples were collected by grab-sampling.

Chemical

analyses wer e made of forage and fecal material and apparent digestion
coefficients comuuted.
Chemical composition
There >ras no difference in the chemical composition of forage
simultaneo ~s ly

collected by two individuals from relatively pure and

open stands of the gr ass species.
Total protein was highe r during all collection periods in Russian
wildrye than in either crested or intennediate wheatgrass.

Crested

wheatgrass was higher i n t otal protein than intermediate wheatgrass
during the early spring , but intermediate wheatgrass was higher during
all succeeding collections.
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Phosphorus was adequate for gestation and lactation in all forage
samples collected before July
phosphorus after July

1.

Russian Wild rye was inadequate in

l.

Nutrient digestibility
Lignin ratio method .

Average digestio n coefficients computed by

the lignin ratio method for dr y matter, ether extract , cellulose, and
gross energy were highest for intermediate wheatgr ass .

Protein was

more digestible for Russian Wildrye .
Digestible protein, estimated by the lignin r atio method, was
sufficiently high in all species until after July 1 to meet recommended
protein requirements for lactation.

Russian wildrye remained adequate

to meet gestation requirements until mid-July (end of the dough stage) ,
but both wheatgrasses dropped below protein requirements for gestat i on
after the bloom stage (July l ).
D1gestible energy was adequate in all species for the requirements
of gestation and the last 12 weeks of lactation.

Russian Wildrye was

deficient (during the pre-bloom and bloom stages) in digestible energy
necessary to meet the requirements for the first eight weeks of
lactation.
Chlorophyllan ratio method.

Results from the chlorophyllan r atio

method were not considered valid since the digestion coefficients from
this method were excessively high.
Nylon bag method .

Dry matter loss of Russian wildrye from in vivo

bags was greater for all periods than dry matter loss from either of
the wheatgrasses.
Dry matter losses due to 24-hour in vivo rumen fermentation and
rin sing only of nylon bags were closely correlated.

This indicates

4)
that rinsing only of nylon bags could provide a sufficiently accu r ate
estimate of dry matter aisapp earance with a considerable saving in
time and effort over che in vivo nylon bag process .
Anim<ll~§ponses

CreoLed wneatgrass produ ced high wei ght gai ns t hroughout the
grazing period (May 10 to July 22) .

After the end of the blo om stage

(July 1) , ra" e of weight galn f rom Ru ssian Wi drye and
wh~atg . ass

decreased.

The cattle had slight weight

i n termed~ate

lo s s~s

on Russian

Wildr-,re llurJ.ng the matu re stage.
Conclusions
Ru ssian wildrye apparently responds more to yearly variations in
spring

prec ~p ~ tacion

wh eatgra ss .

than does either crested wheatgras s or i ntermediate

Duri ng years of hign spring rainfall , Russian Wi ldrye

matures later than cre sted wheatgras s and about the same time a s
lntermediat a wheatgrass .

Russian wildrye also remains high in protein

and produc es high weight gains even after maturity.
Houever , in years of relatively low spring rainfall , as in 1968 ,
Russi an wildrye matures more rapidly than either of the wheatgrasses .
Digestible protei n r emains high , but energy may be lacking.

Animal

weight los ses (probabl y due to decreased palatability and feed i ntake )
may al so occur on Russian wildrye pastures after early seed shatter i n
dry years .
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